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Monday, February 4, 2013 289amuscle membrane protein that links the contractile proteins to the muscle
membrane. Recent studies have suggested that increased Ca2þ influx into
the muscle and increased production of free radicals (or reactive oxygen spe-
cies, ROS) are essential for increased susceptibility of mdx muscle to damage.
However, the source of the ROS, the Ca2þ channels affected, and the mech-
anism(s) of how mechanical stress results in altered regulation of these sig-
naling pathways have yet to be determined. We hypothesis that NADPH
oxidase (Nox2) drives excessive ROS production, increased Ca2þ influx,
and muscle damage. Manganes (Mn2þ) quench was used to assess the role
of Nox2 dependent ROS on sarcolemmal Ca2þ influx in response to a physi-
ological stretch and depolarization. Our results show that stretch-activated
Ca2þ entry in mdx is significantly increased 4.2-fold (p<0.001) compared
to WT, while Kþ-induced depolarization results in 20-fold (p<0.001) in-
crease in Mn2þ quench in mdx skeletal muscle. Administration of either
gp91ds-TAT, an inhibitor of Nox2, or reduced glutathione ethyl ester, a glu-
tathione analogue, in mdx muscle reduces the Mn2þ quench rates back to the
WT levels for both passive stretch and Kþdepolarization. Addition of BTP2,
a calcium release activated calcium channel inhibitor, also significantly atten-
uates Mn2þ quench rates in mdx compared to WT. Our data supports a model
in which Nox2 dependent redox modifications of stretch and depolarization
activated Ca2þ channels leads to exuberant Ca2þ influx. Our results identify
Nox2 as a potential therapeutic approach to minimize or delay the progressive
DMD disease.
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Myostatin, a member of the transforming growth factor b family was shown to
be a potent negative regulator of skeletal muscle growth. It is strongly ex-
pressed in skeletal muscle and myostatin deficient mice have a great increase
in muscle mass. Yet, the physical performance of these animals is not im-
proved or even suppressed as compared to control mice. To understand the
possible underlying mechanisms we investigated the calcium homeostasis of
skeletal muscle fibers from mice with the compact myostatin mutation
(MstnCmpt-dlAbc).
Resting membrane potentials were essentially identical on control and
MstnCmpt-dlAbc mice (79.250.3 vs. 78.050.3 mV). Action potentials
(AP), evoked by field stimulation through a pair of platinum electrodes on sin-
gle intact flexor digitorum brevis (FDB) muscle fibers, on the other hand, were
significantly shorter on MstnCmpt-dlAbc animals. The average time between
the peak and 90% repolarization of the AP corresponded to 0.9250.03 vs.
0.7850.02 ms on control and on MstnCmpt-dlAbc fibers, respectively. The
other parameters of the APs were essentially identical.
The resting and the depolarization-evoked changes in intracellular Ca2þ con-
centration ([Ca2þ]i) were measured on single FDB fibers with the fluorescent
dye Fura-2. While resting [Ca2þ]i was higher (57.651.4 vs. 65.452.8 nM),
the amplitude of the KCl-evoked calcium transients was smaller (360549
vs. 215544 nM) in MstnCmpt-dlAbc mice. Similar experiments were conduct-
ed on Fluo-3 loaded fibers using a confocal microscope and repeated (at 100 Hz
for 200 ms) field stimulation. AP-evoked calcium transients were again smaller
(2.7550.15 vs. 2.2050.14) on MstnCmpt-dlAbc fibers. Elementary calcium
release events were detected using Fluo-3 on permeabilized FDB fibers. No sig-
nificant difference in the parameters of sparks was observed between control
and MstnCmpt-dlAbc mice.
These results indicate that an alteration in calcium signaling might underlie the
reduced muscle performance in myostatin deficient mice.
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The R163C is one of the most frequent missense mutations of the human
RyR1; it confers malignant hyperthermia susceptibility and results in central
cores. Alterations of the excitation contraction (EC) coupling associated with
the R163C mutation have been studied in myotubes and, to a lesser extent, in
adult FDB fibers of the transgenic R163C mouse. In order to further evaluate
the pathophysiology of the EC coupling in these animals, we studied the
properties of Ca2þ release microdomains evoked by action potentials (AP),
and measured the rate of Ca2þ release in global (spatially averaged) transients
evoked by APs and/or voltage clamp pulses. Current- and voltage-clamp ex-
periments were done in adult FDB fibers isolated from R163C and control
mice internally equilibrated with a solution containing 250 mM OGB-5Nand 30:15 mM EGTA:Ca2þ. The properties of AP-evoked global Ca2þ
transients were similar in fibers of R163C and control animals. Also, peak
Ca2þ release fluxes of transients elicited by depolarizations to þ60mV were
not significantly different in R163C (236560 mM/ms, n=3) with respect
to those in control fibers (242558 mM/ms, n=6). However, the voltage-
dependence of the peak Ca2þ fluxes was significantly shifted to more negative
potential (by 10 mV, n=3) in fibers from R163C. Finally, the amplitude of
Ca2þ release microdomains varied significantly along consecutive triads of
R163C fibers, which contrasts with the monotonous dependence with position
along the fiber’s longitudinal axis in control fibers. Altogether our results
show that though EC coupling is on-average mildly compromised in R163C
mutants, Ca2þ release sites at the triads are conspicuously altered by the
RyR1 mutation. Supported by NIH grants AR047664, AR041802, and
AR054816. The R163C mice were kindly provided by Dr. I. Pessah, UC
Davis.
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Autophagy is a cellular process that targets damaged organelles for lysosomal
degradation, which may play crucial roles in amyotrophic lateral sclerosis
(ALS), a neuromuscular disease characterized by motor neuron and muscle
degeneration. Studies from Morimoto (2007) and Zhang (2011) identified in-
creased autophagy in motor neurons of ALS mice (G93A) only at the age af-
ter the disease onset (> 90 days). To test if muscle plays an active role in the
disease progression, we analyzed autophagy activity in skeletal muscle at
three different age groups: before axon withdrawal (<47 days), before dis-
ease onset (47-90 days) and around disease onset (>90 days) by expressing
LC3-RFP in muscle fibers or loading muscle fibers with LysoTracker. We
found dramatic increases of autophagosome formation and lysosomal vesicles
at all age groups of G93A mice compared to the age-matched wild type
(WT). The portion of fibers with the ratio of autophagosome-area/fiber-area
more than 15*103 is summarized as G93A (WT): [<46 days: 19% (3%);
47-90 days: 43% (8%); >90 days: 15% (2%); n=31-74 (31-66)]. The portion
of fibers with more than 100 lysosome vesicles is summarized as: [< 46 days:
16% (1%); 47-90 days: 58% (0%); >90 days: 44% (2%); n=39-77 (38-81)].
A majority of autophagosomes are in close contact with lysosome vesicles,
indicating a coordinated up-regulation of autophagy-lysosomal pathway in
G93A muscle. Western blot analysis also show increased LC3-II level in
G93A muscle at all age groups: [<46 days: 5.451.5, n=4 (1.150.1, n=4);
47-90 days: 4.451.6, n=4 (1.450.2, n=12); >90 days: 7.151.8, n=12
(2.250.9, n=4)]. Our study identified up-regulated autophagy activity in
muscle as an early event before disease onset, suggesting that skeletal muscle
may actively contribute to ALS progression. Supported by MDA and
NIAMS/NIH.
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A component of muscle weakness in older individuals is directly attributable to
compromised excitation-contraction (EC) coupling. In skeletal muscle, the
L-type Ca2þ channel (CaV1.1) serves as the voltage sensor for EC coupling
by triggering Ca2þ release from the sarcoplasmic reticulum (SR) in response
to plasma membrane depolarization.
Although it has been established that impaired EC coupling (termed ‘‘EC
uncoupling’’ by O. Delbono and colleagues) in aged individuals is caused
by a reduction in the number of L-type channels present in the plasma mem-
brane, the molecular mechanisms responsible for transducing age-dependent
cellular signals (e.g., oxidative stress) to decreased CaV1.1 membrane expres-
sion remain enigmatic. In this study, we have investigated a role for RGK
(Rad, Rem, Rem2, Gem/Kir) family small G proteins in EC uncoupling
because: 1) expression of endogenous Rad is enhanced in response to oxida-
tive stress in skeletal muscle, and 2) overexpression of Rem in muscle cells
mimics EC uncoupling. We have found that exogenous overexpression of
Rad in cultured myotubes also mimics EC uncoupling. Moreover, immuno-
blotting of fast-twitch tibialis anterior and mixed gastrocnemius muscle
lysates revealed progressive age-dependent enhancement of Rad protein
levels while Rad expression was largely absent in slow-twitch soleus muscle
290a Monday, February 4, 2013in all age groups (ranging from 2-36 months). Taken together, our observa-
tions raise the possibility that Rad acts as one molecular link between elevated
oxidative stress and EC uncoupling in aging fast-twitch muscle. Conversely,
the lack of Rad expression in slow twitch muscle suggests that Rad may
play a role in the disproportionate retention of slow twitch fibers in aged
individuals.
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In cardiac muscle, L-type Ca current (CaV 1.2, ICa) induced Ca release from
sarcoplasmic reticulum (SR) is reduced with successively shorter coupling in-
tervals of premature stimuli, a phenomenon known as SR Ca release restitution.
We previously reported that myocytes lacking the SR luminal Ca binding pro-
tein calsequestrin (Casq2 KO) exhibited less SR Ca release restitution and
hence largely lack Ca release refractoriness. Here, we test the hypothesis that
altered CaV 1.2 channel gating contributes to altered SR Ca release restitution
in Casq2 KO myocytes.
Methods and Results: ICa was recorded in voltage-clamped ventricular my-
ocytes isolated from Casq2 KO mice and wild-type (WT) littermates. Cells
were pre-treated with ryanodine (50 mM) and thapsigargin (10 mM) to elimi-
nate SR Ca release. Compared to WT, ICa peak currents were unchanged, but
the inactivation time course was significantly slower in KO myocytes
(tau=157 ms vs. 46 ms in WT, p<0.01). using Ba as a charge carrier abolished
the differences in inactivation, suggesting that the underlying defect lies not in
the voltage-dependent but rather in the Ca-dependent ICa inactivation. Addi-
tion of apo-calmodulin (CaM, 0.35 mg/ml) to highly-buffered (14 mM
EGTA) pipette solution accelerated ICa inactivation in KO myocytes
(tau=52 ms). To test the effect of CaM on ICa restitution, ICa was measured
by applying premature stimuli (S2) at successively shorter S1-S2 coupling in-
tervals after a 1 Hz pacing train (S1). Intracellular dialysis with apo-CaM ren-
dered ICa restitution curves of KO myocytes similar to those obtained in WT
myocytes.
Conclusion: Impaired Ca-dependent inactivation of ICa in Casq2 KO mice can
be reversed by excess apo-CaM, suggesting that impaired Ca-CaM-dependent
inactivation of CaV 1.2 contributes to loss of SR Ca release refractoriness in
Casq2 KO mice.
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In heart, the excitation-contraction coupling (ECC) mechanism changes from
sarcolemmal Ca2þ diffusion in newborn, to Ca2þ induced Ca2þ release in
adult. This implies different contribution of the sarcoplasmic reticulum
(SR). Since SR Ca2þ release (SRCa) deeply influences sarcolemmal Ca2þ
fluxes, we hypothesized that the differential contribution of the SRCa to
ECC during postnatal development is critical in defining the properties of
AP repolarization in epicardium. Consequently, the AP properties were eval-
uated during postnatal development in correlation with the SRCa contribution
to ECC. To this end, the temperature dependence of the epicardical AP prop-
erties was determined with the local-field fluorescence detection method in in-
tact mouse hearts, with/without SRCa, and at various ages after birth (7h, 1d,
2d, 7d, & AD). Our pharmacological (ryanodineþthapsigargin) and thermo-
dynamic (temperature dependence from 21-37C) studies confirmed that
the SRCa contribution becomes more prominent with development. More im-
portantly, they showed that the impact of SRCa on the AP duration (measured
at 25% & 75% of repolarization; APD25 & APD75) exhibits a biphasic effect.
At day 2, SRCa significantly reduced the APD25 & APD75 by 38.7% & 31%,
respectively; while in adult SRCa prolonged the APD75 by 49.7%; with day 7
being a transitional stage with a 44%-shortened APD25 and 25%-lengthened
ADP75. Interestingly, the peak-and-dome AP morphology typical of mouse
ventricular myocytes, became evident only in adult. A possible explanation
for this dual effect on APD is that early after birth, SRCa promotes a Ca2þ-
dependent inactivation of the L-type ICa while in adult, SRCa activates the
Na-Ca exchanger forward mode. Altogether, our results demonstrated that dif-
ferences in SR Ca2þ release during development not only play a different role
in ECC, but greatly impacts plasma membrane excitability as well. Supported
by NIH R01-HL-084487 to AE.1489-Pos Board B381
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In adult muscle fibers, 20 Hz electrical stimulation activates a signaling cascade
that starts with Cav1.1 activation, ATP release trough pannexin channels, pu-
rinergic receptors activation and IP3-dependent calcium signals, to finally
lead to gene transcription related to fast to slow muscle fiber type transition.
ATP release plays a key role in this process, being able to activate, in the ab-
sence of electrical stimulation, most of the transcriptional changes observed af-
ter 20 Hz stimulation.
We found that addition of 100-500 mM external ATP induced muscle fiber de-
polarization (reaching membrane potential values of 40 mV to 30 mV) and
that transcriptional changes observed after stimulation of fibers with 30 mM ex-
ternal ATP, were abolished by 25 mM nifedipine, a Cav1.1 inhibitor. In fibers
depolarized to similar membrane potential values with external Kþ, we docu-
mented calcium signals and transcriptional changes similar to those observed
after 20 Hz stimulation. These two events were completely inhibited by the
IP3R blocker Xestospongin B, suggesting that IP3-dependent events are trig-
gered at these membrane depolarization values.
These results suggest that ATP released by muscle fibers after 20 Hz stimula-
tion may activate the signaling pathway leading to transcriptional changes by
inducing small depolarization of muscle cell membrane. This may constitute
either a primary or a reinforcement signal during the muscle plasticity process
we described to occur after 20 Hz electrical stimulation.
ACT1111, FONDECYT 1110467, FONDAP 15010006
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Action potentials (aps) in cut fibers mounted in a double Vaseline-gap chamber
were generated by short current-clamp pulses superimposed on a holding cur-
rent that maintained the resting potential at90 mV. Ca2þ release from the sar-
coplasmic reticulum (SR) was assessed with either the EGTA/phenol red
method or the SR [Ca2þ] indicator, tetramethylmurexide. In contrast to the
rapid rate of repolarization of the ap with normal SR Ca contents, in the near
absence of Ca, the time course of repolarization was approximately exponential
with an average exponential time constant of 12.5 ms. Removal of K from the
internal and external solutions eliminated the effect of SR Ca2þ release on the
ap indicating that the current is carried by Kþ ions. The time course of total cur-
rent during the repolarization was assessed from the rate of change of voltage.
Taking into account a small Ca-insensitive background current and the relation-
ship between K current and permeability (PK) on voltage using the Goldman-
Hodgkin-Katz equation, the time course of PK is seen to closely match that
of the myoplasmic Ca transient. At physiological SR Ca load, the Ca-
activated K current, denoted IK(Ca), at its peak was ~80% of the total current.
Since almost all of the background current was associated with recharging
the membrane capacitance via the holding current passing through ohmic path-
ways in the cut-fiber preparation, the peak percentage of current responsible for
repolarization in an intact fiber carried by IK(Ca) should be significantly greater
than 90%. While results with voltage-clamp stimulation indicate a complex de-
pendence of IK(Ca) on calcium and voltage similar to that displayed by BKCa
channels, the IK(Ca) current was insensitive to the BKCa channel inhibitor
charybdotoxin.
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High amplitude depolarizations of skeletal muscle fibers induce massive SR
Ca2þ release that progressively declines with time and completely annihilates
if depolarization is maintained during several tens of seconds. Several
processes may be involved in the decline of SR Ca2þ release: cytosolic
Ca2þ-dependent closure of SR Ca2þ release channels, voltage-dependent inac-
tivation of SR Ca2þ release channels and SR Ca2þ depletion. This study aimed
